EP 1136 595 A1

(19) 0’ European Patent Office

Office européen des brevets (11) EP 1 1 36 595 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication: (51) Intcl”: C25D 21/14
26.09.2001 Bulletin 2001/39

(86) International application number:

(21) Application number: 00956786.8 PCT/JP00/05854
(22) Date of filing: 30.08.2000 (87) International publication number:
WO 01/16405 (08.03.2001 Gazette 2001/10)
(84) Designated Contracting States: * Kaneko, Hiroyuki, Ebara Corporation
ATBECHCYDEDKESFIFRGBGRIEITLILU Ohta-ku, Tokyo 144-8510 (JP)
MC NL PT SE * Yamakawa, Junitsu, Ebara Corporation
Designated Extension States: Ohta-ku, Tokyo 144-8510 (JP)
AL LT LV MK RO SI ¢ Hongo, Akihisa, Ebara Corporation
Ohta-ku, Tokyo 144-8510 (JP)
(30) Priority: 30.08.1999 JP 24344199 * Kimizuka, Ryoichi
31.08.1999 JP 24458299 Setagaya-ku, Tokyo 156-0043 (JP)
* Maruyama, Megumi
(71) Applicant: EBARA CORPORATION Midori-ku
Ohta-ku, Tokyo 144-8510 (JP) Yokohama-shi, Kanagawa 226-002 (JP)
(72) Inventors: (74) Representative: Wagner, Karl H., Dipl.-Ing.
* Isayama, Yasushi, Ebara Corporation Wagner & Geyer,
Ohta-ku, Tokyo 144-8510 (JP) Patentanwilte,
¢ Ueyama, Hiroyuki, Ebara Corporation Gewiirzmiihlstrasse 5
Ohta-ku, Tokyo 144-8510 (JP) 80538 Miinchen (DE)

(54) METHOD FOR MEASURING LEVELER CONCENTRATION OF PLATING SOLUTION, AND
METHOD AND APPARATUS FOR CONTROLLING PLATING SOLUTION

(57)  The present invention resides in that the con- face of a semiconductor substrate or the like is deter-
centration of a leveler in a plating liquid that is used by mined based on a peak area (Ar value) in a peel-off re-
a plating apparatus for filling metal such as copper in gion of the plating liquid measured according to a CV or
interconnection trenches and holes defined in the sur- CVS process.

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 136 595 A1 2

Description
Technical Field

[0001] The present invention relates to a method of
measuring the concentration of a leveler in a plating lig-
uid that is used by a plating apparatus for filling metal
such as copper in interconnection trenches and holes
defined in the surface of a semiconductor substrate or
the like, and a method of and an apparatus for managing
a plating liquid to manage the components thereof.

Background Art

[0002] For filling interconnection trenches and holes
defined in the surface of a semiconductor substrate or
the like according to a copper sulfate electroplating
process, it is often customary to add three organic ad-
ditives, described below, to basic plating liquid compo-
nents of copper sulfate (CuSO4-5H,0), sulfuric acid
(H,SO,), and chlorine (C|) in order to improve the qual-
ities of a plated film and increase the fillability (embed-
dability) of trenches and holes.

[0003] One of the three organic additives is a carrier
(also referred to as a brightener) for making the plated
film dense and increasing the luster of the plated film.
The carrier generally comprises a sulfuric compound (e.
g., HS-C,H,,-SO5 Mercapto alkylsulfonic acid) and ex-
ists as an anion in a plating liquid. The carrier obstructs
the deposition of copperions and promotes the achieve-
ment of a finer structure of the plated film.

[0004] The second of the three organic additives is a
polymer (also referred to as a suppressor or a carrier)
for suppressing the deposition of adsorbed copper ions
on the surface of a cathode thereby to increase activat-
ed polarization for increased uniform electrodeposition.
The polymer generally comprises a surface-active
agent such as PEG or PPG.

[0005] The third organic additive is a leveler compris-
ing a nitrogen-containing compound such as polyamine
or the like. The leveler is present as a cation in a plating
liquid.

[0006] The leveler is adsorbed greatly in a region
where the current density is high. In the region where
the adsorption of the leveler is large, an activation ov-
ervoltage increases to suppress the deposition of cop-
per. At the bottom of fine trenches and holes, however,
the adsorption of the leveler is smaller, resulting in a
larger amount of the deposition of copper. The deposit-
ed state with the raised bottom represents an excellent
leveling capability.

[0007] The management of the concentration of addi-
tives in a plating liquid of copper sulfate is important in
managing the qualities of a plated film and the embed-
dability of trenches and holes. However, no process is
presently available for measuring the absolute concen-
tration of a trace of organic compound in a strong acid.
[0008] The present general process of analyzing the
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concentration of additives in a plating liquid is called a
CV (Cyclic Voltammetric) process or a CVS (Cyclic Vol-
tammetric Stripping) process. According this process,
the amount of copper deposited on a rotating cathode
electrode is measured and converted into the concen-
tration of an additive referred to as a deposition inhibitor
or promoter.

[0009] Ina plating solution of copper sulfate, however,
only the concentrations of the carrier and the polymer
can be measured by the above process, and the con-
centration of the leveler cannot be measured by the
above process. The concentration of the leveler is the
smallest among the concentrations of the above three
additives. The leveler has its properties similar to those
of the polymer, and it has been said that it is impossible
to measure the concentration of the leveler even accord-
ing to the CV or CVS process.

[0010] A method of managing and adjusting the com-
ponents of a plating liquid used by a plating apparatus
of the type described above will be described below.
Consumed amounts of the components of a plating lig-
uid are empirically determined when the plating appa-
ratus starts to operate in a plating mode and also when
the plating apparatus is operating in a steady mode. De-
pending on a quantity of electricity (current X time), an
initial startup replenishing liquid (starter) is added to a
base plating liquid. In subsequent operation, a replen-
ishing liquid (replenisher) is appropriately supplied to
manage and adjust the components of the plating liquid.
The starter comprises additive component liquids mixed
depending on the consumed amounts of the compo-
nents at the time of starting the plating apparatus. Sim-
ilarly, the replenisher also comprises additive compo-
nent liquids mixed depending on the consumed
amounts of the components at the time of normal oper-
ation of the plating apparatus.

[0011] The empirical process has been used because
it has been difficult to analyze the concentrations of the
additives. However, since it is difficult to manage the
concentrations accurately and the added amounts of the
components are predetermined, this process finds it dif-
ficult to cope with a situation where the consumed
amounts of the components are brought out of balance
due to time-depending changes in the plating condi-
tions.

[0012] There has recently been proposed an auto-
matic analyzing device for quickly analyzing and auto-
matically measuring additives according to an electro-
chemical process.

Disclosure of Invention

[0013] The present invention has been made in view
of the above difficulties. It is an object of the present
invention to provide a method of measuring the concen-
tration of a leveler which is an additive in a plating liquid
of copper sulfate, which has been impossible to meas-
ure according to a conventional CV or CVS process.
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[0014] Another object of the present invention is to
provide a method of and an apparatus for managing a
plating liquid to automatically analyze additives of the
plating liquid and adjust the components of the plating
liquid based on the analyzed results.

[0015] According to an invention as defined in claim
1, there is provided a method of measuring the concen-
tration of a leveler in a plating liquid of copper sulfate to
measure the concentration of an additive containing ni-
trogen, which is referred to as a leveler, among organic
additives contained in an electroplating liquid of copper
sulfate, characterized by determining the concentration
of the leveler in the plating solution based on a peak
area (Ar value) in a peel-off region of the plating liquid
measured according to a CV or CVS process.

[0016] According to an invention as defined in claim
2, there is provided a method of measuring the concen-
tration of a leveler in a plating liquid of copper sulfate to
measure the concentration of an additive containing ni-
trogen, which is referred to as a leveler, among organic
additives contained in an electroplating liquid of copper
sulfate, characterized by analyzing the concentration of
a brightener (carrier), and a wetting agent or a polarizing
agent (polymer), which are other organic additives of the
plating liquid, thereafter generating a calibration curve
for the concentration of the leveler using a standard lig-
uid prepared with the concentration of the carrier and
the concentration of the polymer, and determining the
concentration of the leveler of the plating liquid based
on a peak area (Ar value) in a peel-off region of the plat-
ing liquid measured according to a CV or CVS process.
[0017] According to an invention as defined in claim
3, there is provided a method of measuring the concen-
tration of a leveler in a plating liquid of copper sulfate to
measure the concentration of an additive containing ni-
trogen, which is referred to as a leveler, among organic
additives contained in an electroplating liquid of copper
sulfate, characterized by preparing a measuring liquid
containing a promoting additive containing a sulfur-
based material, which is referred to as a carrier, at a
concentration that is 2 to 40 times a standard concen-
tration, and measuring a difference in an amount of cop-
per deposition on a rotary electrode according to a CV
or CVS process to calculate the concentration of the lev-
eler.

[0018] The performance of the leveler in the plating
solution of copper sulfate is not determined by the con-
centration of the leveler alone, butis affected by the con-
centrations of the carrier and the polymer. Particularly,
the concentration of the carrier affects the leveling ca-
pability. If a nondye nitrogen compound such as
polyamine or the like is used as the leveler, then the lev-
eling nature becomes distinct, allowing a calibration
curve to be drawn clearly, by increasing the concentra-
tion of the carrier in the plating liquid to be analyzed,
relatively 2 to 40 times.

[0019] According to an invention as defined in claim
4, there is provided a method of measuring the concen-
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tration of a leveler in a plating liquid of copper sulfate to
measure the concentration of an additive containing ni-
trogen, which is referred to as a leveler, among organic
additives contained in an electroplating liquid of copper
sulfate, characterized by passing through an organic an-
ion-selective adsorption film to remove the promoting
additive containing a sulfur-based material, which is re-
ferred to as a carrier, from the plating liquid, and there-
after measuring a difference in an amount of copper
deposition on a rotary electrode according to a CV or
CVS process to calculate the concentration of the leve-
ler.

[0020] If a nitrogen compound such as yanus green
is used as the leveler, then the leveling nature becomes
distinct, allowing a calibration curve to be drawn clearly,
by bringing the amount of carrier closely to zero. There-
fore, by passing the plating liquid through the organic
anion-selective adsorption film, the carrier can be re-
moved from the plating liquid, and a calibration curve
can be drawn clearly.

[0021] According to an invention as defined in claim
5, there is provided a method of managing a plating lig-
uid by sampling, at a predetermined interval, a prede-
termined amount of plating liquid in a plating apparatus
which immerses a substrate to be plated in the plating
liquid to plate a surface of the substrate, analyzing com-
ponents of the sampled plating liquid with an automatic
analyzing device, and supplying component replenish-
ing liquids comprising components of the plating liquid
to the plating liquid based on analyzed results and/or
the number of substrates to be plated and a quantity of
electricity consumed to plate the substrates for thereby
managing the components of the plating liquid, charac-
terized in that the component replenishing liquids com-
prise a standard liquid, a plurality of solutions of a basic
liquid with a plurality of different additives added thereto,
sulfuric acid, and hydrochloric acid, either wholly or part-
ly, and the component replenishing liquids are supplied
to the plating liquid for thereby individually replenishing
and managing the components of the plating liquid.
[0022] In the above method, the basic liquid compris-
es a solution of at least copper sulfate (CuSO,4-5H,0),
sulfuric acid (H,SO,), etc. mixed at predetermined ra-
tios. The standard liquid comprises a solution of the ba-
sic liquid and the plurality of additives and hydrochloric
acid added thereto at predetermined ratios.

[0023] According to an invention as defined in claim
6, the method described in claim 5 is characterized in
that a total amount of component replenishing liquids to
be supplied to the plating liquid is substantially the same
as a reduction in the plating liquid which is caused by
plating the substrate.

[0024] According to an invention as defined in claim
7,there is provided an apparatus for managing the com-
ponents of a plating liquid in a plating apparatus which
immerses a substrate to be plated in the plating liquid
in a plating tank to plate a surface of the substrate, the
apparatus having a plating liquid sampling device for
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sampling a predetermined amount of the plating liquid
at a predetermined interval, an automatic analyzing de-
vice for automatically analyzing the components of the
plating liquid sampled by the plating liquid sampling de-
vice, and a component replenishing liquid supply device
for supplying component replenishing liquids compris-
ing the components of the plating liquid, wherein the
component replenishing liquids are supplied to the plat-
ing liquid based on analyzed results from the automatic
analyzing device and/or the number of substrates to be
plated and a quantity of electricity consumed to plate the
substrates for thereby managing the components of the
plating liquid, characterized in that the component re-
plenishing liquids comprise a standard liquid, a plurality
of solutions of a basic liquid with a plurality of different
additives added thereto, sulfuric acid, and hydrochloric
acid, either wholly or partly, and the component replen-
ishing liquids are supplied by the component replenish-
ing liquid supply device to the plating liquid for thereby
individually replenishing and managing the components
of the plating liquid.

[0025] In the above apparatus, the basic liquid com-
prises a solution of at least copper sulfate
(CuS0,4-5H,0), sulfuric acid (H,SO,), etc. mixed at pre-
determined ratios. The standard liquid comprises a so-
lution of the basic liquid and the plurality of additives and
hydrochloric acid added thereto at predetermined ratios.
[0026] According to an invention as defined in claim
8, the apparatus described in claim 7, comprising: a plat-
ing liquid adjusting tank, separate from the plating tank,
for supplying the component replenishing liquids to the
plating liquid.

Brief Description of Drawings
[0027]

FIG. 1 is a diagram showing an arrangement of an
apparatus for carrying out a method of measuring
the concentration of a leveler in a plating liquid ac-
cording to the present invention;

FIG. 2 is a diagram showing the relationship be-
tween the concentration of a leveler and the calibra-
tion curve for Ar values; and

FIG. 3 is a diagram showing an arrangement of a
plating liquid managing apparatus for carrying out
a method of managing the components of a plating
liquid according to the present invention.

Best Mode for Carrying Out the Invention

[0028] An embodiment of the present invention will
hereinafter be described with reference to the drawings.
FIG. 1 is a diagram showing an arrangement of an ap-
paratus (automatic analyzing device) for carrying out a
method of measuring the concentration of a leveler in a
plating liquid of copper sulfate according to the present
invention. In FIG. 1, the apparatus has a measurement
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cell 10 housing therein rotary disk electrodes 12 held by
an electrode holder 11 and a stirring impeller 13 that can
be driven in a contactless manner by a stirrer 14. A po-
tentiostat 15 for automatically adjusting currents to bring
the potentials between the electrodes into a setting is
connected to the electrode holder 11.

[0029] A low-concentration basic liquid tank 21 holds
a low-concentration basic liquid Q1 therein. A high-con-
centration basic liquid tank 22 holds a high-concentra-
tion basic liquid Q2 therein. A checking liquid tank 23
holds a checking liquid Q3 therein. An additive liquid
tank 24 holds an additive A (polymer) liquid Q4 therein.
An additive liquid tank 25 holds an additive B (carrier)
liquid Q5 therein. An additive liquid tank 26 holds an ad-
ditive C (leveler) liquid Q6 therein. A standard liquid tank
27 holds a standard liquid Q7 therein. The basic liquid
comprises a solution of copper sulfate (CuSO,4-5H,0),
sulfuric acid (H,SO,), etc. mixed at predetermined ra-
tios. The standard liquid comprises a solution of the ba-
sic liquid and a plurality of additives and hydrochloric
acid that are added thereto at predetermined ratios. The
checking liquid comprises a solution for checking the
polymer, the solution containing the basic liquid and a
certain amount of additive mixed therewith.

[0030] A burette 29 is connected to the low-concen-
tration basic liquid tank 21 through a three-way valve 28
for extracting a certain amount of low-concentration ba-
sic liquid Q1 from the low-concentration basic liquid tank
21 and supplying the extracted amount of low-concen-
tration basic liquid Q1 into the measurement cell 10. Bu-
rettes 31, 33, 35, 37, 39, 41 are connected respectively
to the high-concentration basic liquid tank 22, the check-
ing liquid tank 23, the additive liquid tank 24, the additive
liquid tank 25, the additive liquid tank 26, and the stand-
ard liquid tank 27 through respective three-way valves
30, 32, 34, 36, 38, 40 for supplying certain amounts of
high-concentration basic liquid Q2, checking liquid Q3,
additive A liquid Q4, additive B liquid Q5, additive C lig-
uid Q6, and standard liquid Q7 and supplying the ex-
tracted amounts of high-concentration basic liquid Q2,
checking liquid Q3, additive A liquid Q4, additive B liquid
Q5, additive C liquid Q6, and standard liquid Q7 into the
measurement cell 10.

[0031] A controller 42 comprising a CPU controls a
driver 43 for switching the three-way valves 28, 30, 32,
34, 36, 38,40 and activating and inactivating the bu-
rettes 29, 31, 33, 35, 37, 39, 41 depending on a polymer
concentration measuring mode, a carrier concentration
measuring mode, and a leveler concentration measur-
ing mode, described below, and also controls various
parts.

[0032] A sample tank 44 holds a sample plating liquid
whose concentration is to be measured. The sample
plating liquid flows from a sample inlet port 45 into the
sample tank 44, overflows the sample tank 44, and re-
turns from a sample return port 46 to a plating apparatus
(not shown). A sample nozzle 47 is positioned above
the sample tank 44 and connected to a burette 48
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through a three-way valve 49. The burette 48 extracts
a certain amount of sample plating liquid from the sam-
ple tank 44 via the sample nozzle 48. After the sample
nozzle 47 is moved to a position over the measuring cell
10, the burette 48 supplies the extracted sample plating
liquid into the measuring cell 10.

[0033] A pump 51 for delivering pure water is connect-
ed to the burette 48 and the sample nozzle 47 via the
three-way valve 49 to wash them. The interior of the
measurement cell 10 is also washed by pure water. The
solution in the measurement cell 10 is drained by a
pump 50.

[0034] The polymer concentration measuring mode
for measuring a polymer concentration, the carrier con-
centration measuring mode for measuring a carrier con-
centration, and the leveler concentration measuring
mode for measuring a leveler concentration, which are
carried out by the concentration measuring apparatus
thus constructed, will be described below by way of ex-
ample.

[Polymer concentration measuring mode]

[0035] First, it is confirmed that the electrodes 12 are
stable by extracting 50 ml of low-concentration basic lig-
uid Q1 from the low-concentration basic liquid tank 21,
supplying the extracted low-concentration basic liquid
Q1 to the measurement cell 10, determining an Ar value,
i.e., a peak area (time X current density = quantity of
electricity) in a peel-off region according to the CVS
process, deciding whether the Ar value is an appropriate
value or not. If the Ar value is not an appropriate value,
the low-concentration basic liquid Q1 is drained from the
measurement cell 10, washed the measurement cell 10,
extracted 50 ml of low-concentration basic liquid Q1
again, supplied the extracted low-concentration basic
liquid Q1 to the measurement cell 10, and repeated the
above cycle.

[0036] If the Ar value is an appropriate value, then 1
ml of checking liquid Q3 is extracted from the checking
liquid tank 23 and supplied to the measurement cell 10,
and an Ar value is measured according to the CVS proc-
ess. The cycle of extracting and supplying the checking
liquid Q3 and measuring an Ar value according to the
CVS process is repeated a predetermined number of
times (usually five times, at most 10 times) to draw a
calibration curve. When the calibration curve has been
drawn, the liquid in the measurement cell 10 is drained,
and the interior thereof is washed.

[0037] Then, 50 ml of low-concentration basic liquid
Q1 is extracted from the low-concentration basic liquid
tank 21 and supplied to the measurement cell 10, and
itis decided whether an Ar value is an appropriate value
or not (to confirm that the electrodes 12 are stable). If
the Ar value is an appropriate value, then 1 ml of sample
plating liquid (specimen) is extracted and added to the
liquid in the measurement cell 10, and an Ar value is
measured according to the CVS process. The cycle of

10

15

20

25

30

35

40

45

50

55

extracting and supplying the sample liquid and measur-
ing an Ar value according to the CVS process is repeat-
ed a predetermined number of times (usually five times,
at most 10 times) to draw a calibration curve. When the
calibration curve has been drawn, the liquid in the meas-
urement cell 10 is drained, and the interior thereof is
washed.

[0038] A polymer concentration of the sample plating
liquid is determined from a comparison between the
above two calibration curves. Specifically, since the pol-
ymer concentration of the checking liquid Q3 is known,
the polymer concentration of the sample plating liquid
can be determined by comparing the calibration curve
obtained from the checking liquid Q3 and the calibration
curve of the sample plating liquid.

[Carrier concentration measuring mode]

[0039] As with the above polymer concentration
measuring mode, it is confirmed that the electrodes 12
are stable by extracting 50 ml of low-concentration basic
liquid Q1 from the low-concentration basic liquid tank
21, supplying the extracted low-concentration basic lig-
uid Q1 to the measurement cell 10, measuring an Ar
value according to the CVS process, and confirming that
the Ar value is an appropriate value.

[0040] If it is confirmed that the Ar value is an appro-
priate value, then the low-concentration basic liquid Q1
is drained from the measurement cell 10 and the meas-
urement cell 10 is washed. Thereafter, 48.5 ml of high-
concentration basic liquid Q2 is extracted from the high-
concentration basic liquid tank 22, 1 ml of additive A lig-
uid Q4 is extracted from the additive liquid tank 24, and
0.5 ml of additive C liquid Q6 is extracted from the ad-
ditive liquid tank 26. The extracted liquids are supplied
to the measurement cell 10, and an Ar value is meas-
ured according to the CVS process. Then, 0.5 ml of ad-
ditive B liquid Q5 is extracted from the additive liquid
tank 25 and supplied to the measurement cell 10, and
an Ar value is measured according to the CVS process.
The cycle of extracting 0.5 ml of additive B liquid Q5
from the additive liquid tank 25 and supplying the ex-
tracted additive B liquid Q5 to the measurement cell 10
and measuring an Ar value according to the CVS proc-
ess is repeated a predetermined number of times (usu-
ally four times) to draw a calibration curve. The meas-
ured data are determined, and if the measured data are
appropriate, then the liquid in the measurement cell 10
is drained and the interior of the measurement cell 10 is
washed.

[0041] Then, itis confirmed again that the electrodes
12 are stable by extracting 50 ml of low-concentration
basic liquid Q1 from the low-concentration basic liquid
tank 21, supplying the extracted low-concentration ba-
sic liquid Q1 to the measurement cell 10, measuring an
Ar value according to the CVS process, and confirming
that the Ar value is an appropriate value.

[0042] If it is confirmed that the Ar value is an appro-
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priate value, then the low-concentration basic liquid Q1
is drained from the measurement cell 10 and the meas-
urement cell 10 is washed. Thereafter, 99.6 ml of sample
plating liquid is extracted and supplied to the measure-
ment cell 10, and 1 ml of additive A liquid Q4 is extracted
from the additive liquid tank 24 and added to the liquid
in the measurement cell 10. An Ar value is measured
according to the CVS process, and a carrier concentra-
tion of the sample plating liquid is measured from the
calibration curve shown in FIG. 2 based on the meas-
ured Ar value.

[Leveler concentration measuring mode]

[0043] A leveler concentration can be measured ac-
cording to three methods, i.e., methods for measuring
the concentration of a leveler as defined in claims 1 and
2, claim 3, and claim 4. These leveler concentration
measuring methods will be described below.

[0044] Inthe leveler concentration measuring method
according to the invention defined in claims 1 and 2, it
is confirmed that the electrodes 12 are stable by extract-
ing 100 ml of low-concentration basic liquid Q1 from the
low-concentration basic liquid tank 21, supplying the ex-
tracted low-concentration basic liquid Q1 to the meas-
urement cell 10, measuring an Ar value according to the
CVS process, and confirming that the Ar value is an ap-
propriate value.

[0045] If it is confirmed that the Ar value is an appro-
priate value, then the low-concentration basic liquid Q1
is drained from the measurement cell 10 and the meas-
urement cell 10 is washed. Thereafter, 48 ml of high-
concentration basic liquid Q2 is extracted from the high-
concentration basic liquid tank 22, 1 ml of additive A lig-
uid Q4 is extracted from the additive liquid tank 24, and
1 ml of additive B liquid Q5 is extracted from the additive
liquid tank 25. The extracted liquids are supplied to the
measurement cell 10, and an Ar value is measured ac-
cording to the CVS process.

[0046] Then, 0.1 mlof additive C liquid Q6 is extracted
from the additive liquid tank 26 and supplied to the
measurement cell 10, and an Ar value is measured ac-
cording to the CVS process. The cycle of extracting 0.1
ml of additive C liquid Q6 and supplying the extracted
additive C liquid Q6 to the measurement cell 10 and
measuring an Ar value according to the CVS process is
repeated a predetermined number of times (usually four
times) to draw a calibration curve as shown in FIG. 2.
The measured data are determined, and if the meas-
ured data are appropriate, then the liquid in the meas-
urement cell 10 is drained and the interior of the meas-
urement cell 10 is washed.

[0047] 50 ml of sample plating liquid is extracted and
supplied to the measurement cell 10, and an Ar value is
measured according to the CVS process. A leveler con-
centration of the sample plating liquid is measured from
the calibration curve shown in FIG. 2 based on the
measured Ar value. If the Ar value of the sample plating
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liquid is represented by y in FIG. 2, then the correspond-
ing leveler concentration is determined as x.

[0048] Inthe leveler concentration measuring method
according to the invention defined in claim 3, after it is
confirmed that the electrodes 12 are stable, a certain
amount of high-concentration basic liquid Q2 is extract-
ed from the high-concentration basic liquid tank 22 and
a certain amount of additive B liquid Q5 is extracted from
the additive liquid tank 25 such that its concentration is
2 to 40 times the above concentration (high-concentra-
tion basic liquid Q2 + additive B liquid Q5 = 50 ml). The
extracted liquids are supplied to the measurement cell
10, and an Ar value is measured according to the CVS
process.

[0049] Then, 0.1 mlof additive C liquid Q6 is extracted
from the additive liquid tank 26 and supplied to the
measurement cell 10, and an Ar value is measured ac-
cording to the CVS process. The cycle of extracting 0.1
ml of additive C liquid Q6 and supplying the extracted
additive C liquid Q6 to the measurement cell 10 and
measuring an Ar value according to the CVS process is
repeated a predetermined number of times (usually four
times) to draw a calibration curve (not shown). The
measured data are determined, and if the measured da-
ta are appropriate, then the liquid in the measurement
cell 10 is drained and the interior of the measurement
cell 10 is washed.

[0050] 50 ml of sample plating liquid is extracted and
supplied to the measurement cell 10, and an Ar value is
measured according to the CVS process. A leveler con-
centration of the sample plating liquid is measured from
the calibration curve based on the measured Ar value.
[0051] Inthe leveler concentration measuring method
according to the invention defined in claim 4, after it is
confirmed that the electrodes 12 are stable, 49 ml of
high-concentration basic liquid Q2 is extracted from the
high-concentration basic liquid tank 22 and 1 ml of ad-
ditive A liquid Q4 is extracted from the additive liquid
tank 24. The extracted liquids are supplied to the meas-
urement cell 10, and an Ar value is measured according
to the CVS process.

[0052] Then, 0.1 mlof additive C liquid Q6 is extracted
from the additive liquid tank 26 and supplied to the
measurement cell 10, and an Ar value is measured ac-
cording to the CVS process. The cycle of extracting 0.1
ml of additive C liquid Q6 and supplying the extracted
additive C liquid Q6 to the measurement cell 10 and
measuring an Ar value according to the CVS process is
repeated a predetermined number of times (usually four
times) to draw a calibration curve (not shown). The
measured data are determined, and if the measured da-
ta are appropriate, then the liquid in the measurement
cell 10 is drained and the interior of the measurement
cell 10 is washed.

[0053] 50 ml of sample plating liquid from which the
carrier has been removed by passing through an organ-
ic anion-selective adsorption film is extracted and sup-
plied to the measurement cell 10. An Ar value is meas-
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ured according to the CVS process, and a leveler con-
centration of the sample plating liquid is measured from
the calibration curve based on the measured Ar value.
[0054] With a number of leveler calibration curves for
different carrier and polymer concentrations being
stored in the computer of the controller 42, the concen-
tration measuring apparatus of the above construction
is capable of analyzing samples easily within a short pe-
riod of time.

[0055] According to the above methods of measuring
the concentration of a leveler, it is made possible to
measure the concentration of a levelerin a plating liquid,
which could not heretofore been measured according to
the CV or CVS process.

[0056] FIG. 3 is a diagram showing an arrangement
of a plating liquid managing apparatus which incorpo-
rates the automatic analyzing device for plating liquids
shown in FIG. 1. The plating liquid managing apparatus
has a plating tank 110 holding a plating liquid Q therein.
An anode electrode plate 111 and a substrate 112 to be
plated are placed in the plating tank 110 in confronting
relation to each other. When a plating current is supplied
between the anode electrode plate 111 and the sub-
strate 112 to be plated from a plating power supply E,
the surface of the substrate 112 is plated according to
an electroplating process.

[0057] A plating liquid adjusting tank 113 for adjusting
a plating liquid can be supplied with a standard liquid
Q11 from a standard liquid tank 114 through a pump P1
and a valve V1, a replenishing liquid Q12, which com-
prises the basic liquid and the additive A mixed therein,
from a replenishing liquid tank 115 through a pump P2
and a valve V2, a replenishing liquid Q13, which com-
prises the basic liquid and the additive B mixed therein,
from a replenishing liquid tank 116 through a pump P3
and a valve V3, a replenishing liquid Q14, which com-
prises the basic liquid and the additive C mixed therein,
from a replenishing liquid tank 117 through a pump P4
and a valve V4, sulfuric acid (H,SO,4) Q15 from a sulfuric
acid tank 118 through a pump P5 and a valve V5, and
hydrochloric acid (HCI) Q16 from a hydrochloric acid
tank 119 through a pump P6 and a valve V6.

[0058] A plating liquid Q17 which has been adjusted
in the plating liquid adjusting tank 113 is supplied to the
plating tank 110 through a filter 120 by a pump P7. The
plating liquid Q in excess of a certain level in the plating
tank 110 is returned to the plating liquid adjusting tank
113. Therefore, the plating liquid circulates between the
plating liquid adjusting tank 113 and the plating tank 110.
[0059] The plating liquid Q7 supplied to the plating
tank 110 is sampled by a sampling device 121. The com-
ponents of the plating liquid Q17 sampled by the sam-
pling device 121 are automatically analyzed by an au-
tomatic analyzing device 122. The plating liquid manag-
ing apparatus has a drain tank 113, and a level sensor
124 for measuring a plating liquid level in the plating lig-
uid adjusting tank 113, and a controller 125.

[0060] The controller 125 is inputted the analyzed re-
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sults of the components of the plating liquid 17 analyzed
by the automatic analyzing device 122 and the plating
liquid level measured by the level sensor 124. Based on
the analyzed results of the components of the plating
liquid 17 analyzed by the automatic analyzing device
122, the controller 125 controls the pumps P1 - P6 and
the valves V1 - V6 to control the standard liquid Q11
supplied from the standard liquid tank 114, the replen-
ishing liquid Q12 supplied from the replenishing liquid
tank 115, the replenishing liquid Q13 supplied from the
replenishing liquid tank 116, the replenishing liquid Q14
supplied from the replenishing liquid tank 117, the sul-
furic acid Q15 supplied from the sulfuric acid tank 118,
and the hydrochloric acid Q16 supplied from the hydro-
chloric acid tank 119 so as to adjust the components of
the plating liquid Q17 in the plating liquid adjusting tank
113.

[0061] The plating liquid managing apparatus thus
constructed operates as follows: When a plating proc-
ess is to be started, certain amounts of replenishing lig-
uids Q12, Q13, Q14 with the additives A, B, C mixed
therewith may be added to the standard liquid Q11 from
the standard liquid tank 114. The automatic analyzing
device 122 automatically analyzes the concentrations
of the additive A (polymer), the additive B (carrier), and
the additive C (leveler), as described above, and also
automatically analyzes the concentrations of Cu2*,
H,S0O,, and CI-. These concentrations may automatical-
ly be analyzed according to a titrimetric analyzing proc-
ess or a spectrophotometric analyzing process.

[0062] Atthetime of starting the plating process, since
a variation of the concentrations of the components vary
greatly, the sampling frequency for sampling the plating
liquid with the sampling device 121 is set to a high value.
While in the plating process, the replenishing liquids
Q12, Q13, Q14 and the hydrochloric acid Q16 are indi-
vidually supplied to the plating liquid Q17 in the plating
liquid adjusting tank 113 in order to keep the concentra-
tions of the components within a certain management
range depending on the analyzed results from the au-
tomatic analyzing device 122.

[0063] When the concentrations of the components
are stabilized, the sampling frequency for sampling the
plating liquid with the sampling device 121 is set to a
lower value, e.g., once in a few hours. At this time, a
process of supplying the replenishing liquids Q12, Q13,
Q14 from the replenishing liquid tanks 115, 116, 117 in
every certain period of time may be combined to com-
pensate for the consumed amounts of additives that are
empirically known depending on the quantity of electric-
ity.

[0064] The plating liquid Q in the plating tank 110 is
partly removed out of the system depending on the
number of substrates 112 that are plated. The consump-
tion of the components of the additives is also substan-
tially proportional to the number of substrates 112 that
are plated (integrated current value). Therefore, the re-
moved amount of plating liquid and changes in the vol-
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umes of the additives can be kept in balance by properly
adjusting in advance the concentrations of the compo-
nents to be added.
[0065] For example, if the additives A, B, C are to be
uniformly replenished, then the concentrations of the re-
plenishing liquids Q12, Q13, Q14 are given as follows:
[0066] Concentration of an additive (mg/ml) in the
component replenishing liquid

= consumed amount (mg)/[removed amount X 1/3
(mi)]
[0067] Actually, since the components in the plating
liquid are reduced in fluctuations, the concentrations are
made greater than, (e.g., about twice), the concentration
given by the above equation, and the amounts of the
component replenishing liquids of the additives are re-
duced and the replenishing liquid Q11 is replenished as
the remainder. In this manner, the replenishing liquids
in the adjusting tanks are prevented from being exces-
sive.
[0068] With the above method of and apparatus for
managing the plating liquid, as described above, com-
ponent replenishing liquids comprise a standard liquid,
a plurality of solutions of a basic liquid with a plurality of
different additives added thereto, sulfuric acid, and hy-
drochloric acid, either wholly or partly, and the compo-
nent replenishing liquids are supplied to a plating liquid
by a component replenishing liquid supply device. The
additive can easily be managed individually and the con-
centrations of the components can be managed more
strictly. Thus, it is possible to produce uniform and ho-
mogeneous films of plated copper to provide highly re-
liable copper interconnections.

Industrial Applicability

[0069] The presentinvention can be used to measure
the concentration of a leveler in a plating liquid that is
used by a plating apparatus for filling metal such as cop-
per in interconnection trenches and holes defined in the
surface of a semiconductor substrate or the like, and al-
so to manage a plating liquid to manage the components
thereof.

Claims

1. A method of measuring the concentration of a lev-
eler in a plating liquid of copper sulfate to measure
the concentration of an additive containing nitrogen,
which is referred to as a leveler, among organic ad-
ditives contained in an electroplating liquid of cop-
per sulfate, characterized by determining the con-
centration of the leveler in the plating solution based
on a peak area (Ar value) in a peel-off region of the
plating liquid measured according to a CV or CVS
process.

2. A method of measuring the concentration of a lev-
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eler in a plating liquid of copper sulfate to measure
the concentration of an additive containing nitrogen,
which is referred to as a leveler, among organic ad-
ditives contained in an electroplating liquid of cop-
per sulfate, characterized by analyzing the con-
centration of a brightener (carrier), and a wetting
agent or a polarizing agent (polymer), which are
other organic additives of the plating liquid, there-
after generating a calibration curve for the concen-
tration of the leveler using a standard liquid pre-
pared with the concentration of the carrier and the
concentration of the polymer, and determining the
concentration of the leveler of the plating liquid
based on a peak area (Ar value) in a peel-off region
of the plating liquid measured according to a CV or
CVS process.

A method of measuring the concentration of a lev-
eler in a plating liquid of copper sulfate to measure
the concentration of an additive containing nitrogen,
which is referred to as a leveler, among organic ad-
ditives contained in an electroplating liquid of cop-
per sulfate, characterized by preparing a measur-
ing liquid containing a promoting additive containing
a sulfur-based material, which is referred to as a
carrier, at a concentration that is 2 to 40 times a
standard concentration, and measuring a difference
in an amount of copper deposition on a rotary elec-
trode accordingto a CV or CVS process to calculate
the concentration of the leveler.

A method of measuring the concentration of a lev-
eler in a plating liquid of copper sulfate to measure
the concentration of an additive containing nitrogen,
which is referred to as a leveler, among organic ad-
ditives contained in an electroplating liquid of cop-
per sulfate, characterized by passing through an
organic anion-selective adsorption film to remove
the promoting additive containing a sulfur-based
material, which is referred to as a carrier, from the
plating liquid, and thereafter measuring a difference
in an amount of copper deposition on a rotary elec-
trode accordingto a CV or CVS process to calculate
the concentration of the leveler.

A method of managing a plating liquid by sampling,
at a predetermined interval, a predetermined
amount of plating liquid in a plating apparatus which
immerses a substrate to be plated in the plating lig-
uid to plate a surface of the substrate, analyzing
components of the sampled plating liquid with an
automatic analyzing device, and supplying compo-
nent replenishing liquids comprising components of
the plating liquid to the plating liquid based on ana-
lyzed results and/or the number of substrates to be
plated and a quantity of electricity consumed to
plate the substrates for thereby managing the com-
ponents of the plating liquid, characterized in that
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the component replenishing liquids comprise a
standard liquid, a plurality of solutions of a basic lig-
uid with a plurality of different additives added there-
to, sulfuric acid, and hydrochloric acid, either wholly
or partly, and the component replenishing liquids
are supplied to the plating liquid for thereby individ-
ually replenishing and managing the components
of the plating liquid.

A method according to claim 5, characterized in
that a total amount of component replenishing lig-
uids to be supplied to the plating liquid is substan-
tially the same as a reduction in the plating liquid
which is caused by plating the substrate.

An apparatus for managing the components of a
plating liquid in a plating apparatus which immerses
a substrate to be plated in the plating liquid in a plat-
ing tank to plate a surface of the substrate, the ap-
paratus having a plating liquid sampling device for
sampling a predetermined amount of the plating lig-
uid at a predetermined interval, an automatic ana-
lyzing device for automatically analyzing the com-
ponents of the plating liquid sampled by the plating
liquid sampling device, and a component replenish-
ing liquid supply device for supplying component re-
plenishing liquids comprising the components of the
plating liquid, wherein the component replenishing
liquids are supplied to the plating liquid based on
analyzed results from said automatic analyzing de-
vice and/or the number of substrates to be plated
and a quantity of electricity consumed to plate the
substrates for thereby managing the components
of the plating liquid, characterized in that the com-
ponent replenishing liquids comprise a standard lig-
uid, a plurality of solutions of a basic liquid with a
plurality of different additives added thereto, sulfuric
acid, and hydrochloric acid, either wholly or partly,
and the component replenishing liquids are sup-
plied by the component replenishing liquid supply
device to the plating liquid for thereby individually
replenishing and managing the components of the
plating liquid.

An apparatus according to claim 7, comprising: a
plating liquid adjusting tank, separate from said
plating tank, for supplying the component replenish-
ing liquids to said plating liquid.
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